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DEVICE AND METHOD FOR CONTINUOUS MIXING 


Technical Field 

The present invention relates to a device and a 
method for mixing components, more specifically a device 
for continuous mixing of at least two components, such 
5 as liquids and/or powders, comprising a first means for 
joining the components in layers, and a second means for 
discharging the joined components during simultaneous 
deformation of a layer structure, obtained in the join- 
ing, to provide a homogeneous mixture, of components, as 
10 well as a corresponding method for continuous mixing of 
at least two components . 

Background Art 

The most common method of mixing components, such 
15 as liquids and/or powders, is to join the components in 
a vessel and agitate them. This method, however, is not 
suited for continuous mixing, and moreover the mixing 
will be random, thereby making it impossible to ensure 
a homogeneous mixture of components. The result will be 

2 0 largely dependent on the disposition of the components 

towards mixing . 

According to another method, separate partial flows 
of components are joined to form a common flow, which 
is then subjected to turbulence. This method certainly 
25 admits continuous mixing, but also in this case the mix- 
ing will be random and dependent on the disposition of 
the components towards mixing. 

With a view to solving these problems, a method has 
been developed, which allows continuous and satisfactory 

3 0 mixing of components, and also mixing of components which 

are not disposed to be mixed. According to this method, 
the components are joined in layers, and the thus -joined 
components are then conveyed during deformation of the 
layer structure obtained in connection with the joining. 
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As a result, a continuous and homogeneous mixture of com- 
ponents can be obtained. 

DE 41 28 999 discloses a device which uses the lat- 
ter method. The device allows mixing of two components 
5 and comprises two annular, narrow ducts, one for each 
component. The ducts are arranged opposite each other 
and join each other in a narrow gap. The components are 
supplied through a duct each, at a relatively high pres- 
sure, and are joined , in the form of . annular. layers . in the 
10 gap, from where the thus -joined components are conducted 
through one more duct. While flowing in the latter duct, 
the layer structure obtained in joining is deformed, and 
a homogeneous mixture of components is obtained. The 
device allows continuous mixing of components which are 
15 not disposed to be mixed, such as oil and water, the oil 
being supplied at higher pressure than the water to form 
a dispersion. 

However, the device suffers from a number of draw- 
backs. First, the device does not allow mixing of more 
20 than two components. Moreover, the device will not allow 
mixing of anything but liquid components. 


A first object of the present invention therefore i 
SjS^ to provide a device which allows continuous mixing of two 
or more components, which components can be liquids and/ 
25 or powders. Liquids are intended to comprise also thixo- 
tropic and other viscous materials. 

A second object of the invention is to provide a 
method for continuous mixing of two and more components, 
such as liquids and/or powder. Liquids are again intended 
30 to comprise also thixotropic and other viscous materials. 


s 


Summary^ f the Invention 


According to the invent d>on, the first object is 
achieved by a device for contiguous mixing according to 
/35 claim 1. Preferred embodiments of the device are stated 


in claims 2-16 
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embodiment of thai method is stated in claim 18 . 

More specifically, the invention provides a device 
5 for continuous mixing of at least two components, such 
as liquids and/or powders, comprising a first means for 
joining the components in layers, and a second means for 
discharging the joined components during simultaneous 
deformation of a layer structure, obtained in the join- 
10 ing, to provide a homogeneous mixture of components, said 
device being characterised in that the first means com- 
prises a layering means and a receiving means rotatable 
about a longitudinal axis and having a receiving surface 
facing the layering means and being arranged radially 
15 outwardly of the layering means, the layering means being 
adapted to alternately dispose the components in the form 
of thin layers on the receiving surface to form a stratum 
of layer structure, and the receiving means, while rotat- 
ing, being adapted to support said stratum. 
2 0 The mixing ratio of the components is already deter- 

mined when joining the components, and thus the mixing 
ratio is very easy to control by controlling each flow of 
components to the layering means. 


25 stricted to two, nor it is necessary for the components 
to be liquid. 


30 mixing intensity may be varied. A. high relative angular 
velocity between the layering means and the receiving 
means results in a high mixing intensity, which allows 
. mixing of components which are not disposed to be mixed. 
This allows, for example, continuous mixing of thixotro- 

3 5 pic components, such as soft whey- cheese and ordinary 
soft cheese, which are npt disposed to be mixed. 


Furthermore, the number of components is not re- 


By varying the longitudinal extension of the layers 
of components, i.e. by varying the angular velocity of 
the receiving means relative to the layering means, the 
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Moreover, continuous mixing of components in various 
phases is allowed, thereby allowing, for example, mixing 
of one component in liquid form and one component in pul- 
verulent form. 

5 Said second means acts as stated above to discharge 

the joined components during simultaneous deformation 
of the layer structure obtained in joining. A method of 
achieving this is to let the second means mechanically 
engage with the layer structure for advancing and for 

10 performing a creasing thereof . The second means can also 
be arranged to conduct the layer structure in a duct 
while flowing turbulently, which also results in creasing 
of the layer structure, thus ensuring a homogeneous mix- 
ture of components . 

15 The layering means can be rotatable about said 

longitudinal axis, and preferably the layering means is 
rotatable with a first angular velocity and the receiv- 
ing means is rotatable with a second angular velocity 
differing from the first angular velocity. Moreover, the 

2 0 layering means is advantageously rotatable in a direction 
of rotation which is opposite to the direction of rota- 
tion in which the receiving means is rotatable. This 
makes it possible to reach a high relative angular velo- 
city between the layering means and the receiving means, 

2 5 which thus allows mixing of components which are not dis- 

posed to be mixed. 

Preferably, the layering means is rotatable with 
an angular velocity in the range 30-85 rad/s, and the 
receiving means is rotatable with an angular velocity 

3 0 in the range 3 0-85 rad/s. 

The layering means may comprise a nozzle for each of 
the components, each nozzle being adapted to dispose thin 
. layers of the component supplied thereto on the receiving 
surface . 

35 The layering means can alternatively comprise a 

blade means which is rotatable about said longitudinal 
axis and which during rotation thereof is adapted to 
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engage with the components supplied thereto and subse- 
quently throw them away to dispose thin layers of the 
components on the receiving surface. 

According to a first preferred embodiment of the 
5 invention, the receiving means is adapted to transfer 
the stratum to the second means, and more specifically 
the receiving means may comprise a body having a conical 
interior circumferential surface which is concentrical- 
ly arranged about the longitudinal axis and which thus 

10 encloses the layering means and forms said receiving 
surface, the receiving means, during rotation thereof 
and under the action of centrifugal forces, being adapt- 
ed to conduct said stratum towards the wider end of the 
conical receiving surface, at which end the stratum will 

15 be transferred to the second means. 

In operation of a thus designed device in which the 
wider end of the receiving surface is directed downwards, 
joining of liquid components is allowed. The rotation of 
the receiving means thus causes centrifugal forces which 

20 support the stratum, formed of the components, on the 
receiving surface and at the same time ensure that the 
stratum is continuously conducted towards the wider end 
of the receiving surface to be transferred to the second 
means. One or more components can also be pulverulent. 

25 Preferably, the second means comprises a helical 

duct which encloses the receiving means and has a side 
open towards the receiving means, whereby the stratum 
continuously transferred from the receiving means will be 
collected by said duct. The second means may further com- 

30 prise in unison with the receiving means rotatable dis- 
charge means, and the duct may comprise an outlet con- 
nected thereto, the discharge means being adapted to con- 
vey to the outlet the stratum transferred to the duct 
during deformation of its layer structure. Preferably 

35 each discharge means comprises a vane which is fixed in 
the receiving means and displaceable in the duct and 
which during rotation of the receiving means engages with 
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the stratum transferred to the duct and conveys it during 
creasing thereof towards the outlet. 

According to a second preferred embodiment of the 
inventive device, the second means comprises a scraper 
5 element for scraping off the stratum from the receiving 
surface, and the receiving means is adapted to transfer, 
during rotation, the thus-scraped off stratum to a dis- 
charge unit of the second means. 

Preferably the receiving means comprises a body hav- 

10 ing a cylindrical, interior circumferential surface which 
is concentrically arranged about the longitudinal axis 
and which thus encloses the layering means and forms said 
receiving surface, and the scraper element is arranged 
along the receiving surface to scrape off the stratum, 

15 said deformation of the stratum being performed during 
said scraping off. 

This allows mixing of pulverulent components, the 
stratum formed of the components being supported on the 
receiving surface owing to the centrifugal forces acting 

20 on the stratum by means of the rotation of the receiving 
means . 

The scraper element preferably comprises a helical 
band element which is extended parallel with the longitu- 
dinal axis and which is arranged along the cylindrical 

25 receiving surface, the band element being rotatable with 
a third angular velocity differing from said second angu- 
lar velocity, whereby the stratum formed on the receiving 
surface, during rotation of the receiving means as well 
as the band element, is continuously conveyed to a dis- 

30 charge position, from which the stratum will be transfer- 
red to the discharge unit of the second means. 

Moreover, the present invention provides a method 
for mixing at least two components, comprising the steps 
of joining the components in layers, and subsequently 

35 conveying the thus- joined components in such manner that 
a layer structure obtained in the joining is deformed to 
form a homogeneous mixture of components, said method 
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being characterised in that the step of joining the 
components comprises the steps of alternately disposing, 
with the aid of a layering means, thin layers of the com- 
ponents on a receiving means radially enclosing the 
5 layering means to form a stratum of layer structure, and 
by rotation of the receiving means supporting the stra- 
tum, the layers in the circumferential direction being 
disposed uniformly on the receiving means in consequence 
of its rotation. 

10 Preferably the receiving means is rotated with a 

first angular velocity and the layering means is rotated 
with an angular velocity differing from the angular velo- 
city of the receiving means, whereby the layering means 
engages with components supplied thereto and throws them 

15 in the form of thin layers to the receiving means. 

A preferred embodiment of the invention will now for 
the purpose of exemplification be described with refe- 
rence to the accompanying Figures . 

2 0 Brief Description of the Drawings 

Fig. 1 is a cross-sectional view of a first embodi- 
ment of a device according to. the invention. 

Fig A 2 is a cross-sectional view of the device along 
line A- A i\ Fig . 1. 
25 Fig. 3 is a cross-sectional view of a second embodi- 

ment of a device according to the present invention. 

Fig t \4 i s a cross-sectional view of the device along 
line A-A irk Fig. 3. 

Fig\ 5 is a cross-sectional view of the device along 
30 line B-B i*n Fig. 3. 

Description of Embodiments 

A device as shown in Figs 1 and 2, to which refe- 
rence is made, for continuous mixing according to a 
35 first embodiment of the present invention comprises a 

housing 1, in which a first means for joining components 
in layers and a second means for discharging the joined 
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components during simultaneous deformation of a layer 
structure obtained in the joining are arranged. The first 
means comprises more specifically a layering means and a 
receiving means" which are concentrically arranged in the 
5 housing 1 . The second means comprises a helical duct 6 
and vane means 18. 

The housing 1 comprises an upper housing portion 
2 and a lower housing portion 3 . The upper housing por- 
tion 2 is open. at both ends and has .. a lower flange 4. The 

10 lower housing portion 3 is also open at both ends and has 
an upper flange 5. The flanges 4, 5 abut each other and 
form the helical duct 6. An outlet, pipe 7 shown in Fig. 2 
is tangentially connected to the duct 6. 

The layering means comprises a layering rotor 8 

15 arranged concentrically in the housing 1 and having a hub 
9, which supports four blades 10. arranged perpendicularly 
to each other. The hub 9 is attached to a first end of a 
first drive shaft 12 which extends along a central longi- 
tudinal axis 13 of the housing 1. A first pulley 14 is 

20 fixed to the second end of the first drive shaft 12. 

The receiving means comprises a receiving rotor 15 
arranged concentrically in the housing 1 and having an 
essentially planar lower part 16 and a conical upper part 
17, the wider end 11 of the upper part 17 being directed 

25 downwards. The upper part 17 is supported by the lower 
part 16 with the aid of the vane means 18 to form an 
annular gap 19 between the two parts 16, 17. The lower 
part 16 is fixed to a first end of a second drive shaft 
2 0 which is hollow and extends outside the first drive 

30 shaft 12 along the longitudinal axis 13. The second end 

of the second drive shaft 2 0 supports a second pulley 21. 
The lower part 16 and the second pulley 21 are mounted in 
bearings in the first drive shaft 12. 

The two pulleys 14, 21 are, via belts (not shown), 
. 35 connected to drive means (not shown) . 

The receiving rotor 15 is arranged in the housing 1 
in such manner that a conical interior circumferential 
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surface 22 of the receiving rotor 15 radially encloses 
the layering rotor 8. 

Thus the two rotors 8, 15 are mutually concentric 
and rotatable relative to each other by means of the 
5 first and the second drive shaft 12, 20, respectively. 

Furthermore, the second drive shaft 2 0 is mounted in 
bearings in the housing 1. Finally a cover 23 with supply 
openings 24, 25 is mounted in the upper side of the upper 
housing portion 2 . 

10 In operation of the device, the layering rotor 8 and 

the receiving rotor 15 are driven with the aid of the 
drive means (not shown) . The rotors 8, 15 are rotated 
with different angular velocities (x) 1 and (o 2 , respective- 
ly, and preferably in different directions of rotation P x 

15 and P 2 , respectively. An example of merely exemplifying 
angular velocities C0i and co 2 is 30-85 rad/s for each 
rotor 8, 15. However, it will be appreciated that the 
angular velocities a> 1 and © 2 must be adjusted to the com- 
ponents to be mixed, which means that certain components 

20 may require both lower and higher angular velocities. 

The components to be mixed are supplied to the 
device through the supply openings 24, 25. Suitably 
liquid components are supplied through the narrower sup- 
ply openings 24 -and pulverulent components, if any, are 

25 supplied through the wider supply opening 25. 

The components are conducted to a space 2 6 which is 
defined in the housing 1 and in which the blades 10 of 
the layering rotor 8 are arranged. During rotation, the 
blades 10 will thus engage with the supplied components 

3 0 and throw thin layers of each component tangent ially 

forwards (seen perpendicular to the plane of rotation of 
the layering rotor) . The thin layers will be collected by 
and disposed on the interior circumferential surface 22 
of the receiving rotor 15. The layers will be disposed 

35 essentially alternately and thus form a stratum of layer 
structure . 
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The stratum is supported by the receiving rotor 15 
owing to its rotation. Moreover, the conical design of 
the circumferential surface 22 implies that the centri- 
fugal forces acting on the stratum continuously conduct 
5- the stratum towards the wider end 11 of the circumferen- 
tial surface 22. As the stratum reaches this end 11, it 
will be thrown away through the annular gap 19 and col- 
lected by the helical duct 6. 


10 6 and rotate in unison with the receiving rotor 15 . The 
vane means 18 will thus travel in the same duct 6 and 
engage with the stratum arranged in the duct 6. The stra- 
tum is conveyed by the vane means 18, during simultaneous 
deformation or creasing thereof, to the outlet 7. When 

15 the stratum finally reaches the outlet 7, the stratum 

is consequently worked in such manner that a homogeneous 
mixture of components has been provided. The second 
means, i.e. the duct 6 and the vane means 18, thus serves 
to discharge the stratum having a layer structure while 

2 0 creasing the same by mechanical engagement. 

If any of the components is a pulverulent compo- 
nent, it is supplied, as described above, through the 
wider supply opening 25. The supply opening 25 is arrang- 
ed essentially centrally in the cover 23 . This ensures 

25 that the blades 10 of the layering rotor 8 first dispose 
layers of liquid components, which consequently are sup- 
plied through the smaller and radially externally arrang- 
ed supply openings 24, and subsequently dispose layers 
of the pulverulent component on the circumferential sur- 

30 face 22. This results in wetting of the circumferential 
surface 22, which facilitates the disposing of powder 


It will be appreciated that the directions of rota- 
tion P lf P 2 of the rotors 8, 15 need not necessarily be 
opposed. The essential thing is that the requisite rela- 
tive angular velocity between the rotors 8, 15 is achiev- 


The vane means 18 are arranged in the. helical duct 


layers . 


ed, the requisite relative angular velocity being depen- 
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dent on the desired mixing intensity. A high relative 
angular velocity results in the layers being extended in 
the longitudinal direction, which results in a high mix- 
ing intensity. 

5 Thanks to the relative angular velocity between the 

rotors 8, 15 the layers of components will be disposed 
uniformly in the circumferential direction on the inte- 
rior circumferential surface 22 of the receiving rotor 
15, even if differences in intensity in the angular 

10 direction should arise in the flow of components from the 
layering rotor 8. 

Figs 3-5, to which reference is made, illustrate a 
device for continuous mixing according to a second pre- 
ferred embodiment of the present invention. 

15 The device comprises a housing 101, in which a first 

means for joining components in layers and a second means 
for discharging the joined components during simultaneous 
deformation of a layer structure obtained in the joining 
are arranged. The first means comprises more specifically 

20 a layering means and a receiving means. The second means 
comprises a scraper element in the form of a band element 
129. The housing 101 also constitutes part of the second 
means. The housing 101 has supply openings 125 and an 
outlet 107, and the layering means and the receiving 

2 5 means are concentrically arranged about a longitudinal 

axis 113 in said housing 101. 

The layering means comprises a layering rotor 108 
with two blades 110 which are attached to opposite sides 
of a first end of a first drive shaft 112, which extends 

3 0 along the longitudinal axis 113 and out through the upper 

side 127 of the housing 101. The second end of the drive 
shaft 112 is via a driving assembly (not shown) connected 
to a drive means (not shown) . 

The receiving means comprises a receiving rotor 115 
35 formed of a cylindrical part 117 which is supported by 
a first bottom disc 131. The cylindrical part 117 has 
an interior circumferential surface 122 which radially 
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encloses the blades 110 of the layering rotor 108. The 
cylindrical part 117 further has- circumf erentially dis- 
tributed openings 119 in an area in the vicinity of the 
bottom disc 131, which is clearly to be seen in Fig. 5. 
5... The bottom disc 131 is attached to a first end of a 

second hollow drive shaft 12 0, which is arranged concen- 
trically with the longitudinal axis 113 and is externally 
mounted in bearings in a bearing part 133 in the under- 
side 128 of the housing 101. The second drive shaft 120 

10 extends through the underside 128 of the housing 101, and 
its second end is via a driving assembly (not shown) con- 
nected to a drive means (not shown) . 

The helical band element 129 extended parallel with 
the longitudinal axis 113 is arranged along the interior 

15 circumferential surface 122 of the cylindrical . part 117. 
The band element 129 is supported by struts 13 0 which 
in turn are fixed to a second bottom disc 116 which is 
attached to a first end of a third drive shaft 132 which 
extends inside the second drive shaft 120 along the lon- 

20 gitudinal axis 113. The third drive shaft 132 is exter- 
nally mounted in bearings in the second drive shaft 120, 
and its second end is via a driving assembly (not shown) 
connected to a drive means (not shown) . 

The layering rotor 108, the receiving rotor 115 and 

2 5 the band element 12 9 are thus concentrically arranged 

about the longitudinal axis 113 and rotatable relative 
to each ether. Preferably, the layering rotor 108 is 
rotatable in a first direction of rotation P 101 while 
the receiving rotor 115 and the band element 129 are 

3 0 rotatable in a second direction of rotation P 102 - Moreover 

the band element 12 9 is rotatable with an angular velo- 
city o> 103 differing from the angular velocity coi 02 of the 
receiving rotor 115. 

In operation of the device, the layering rotor 108 
35 " is thus rotated in a first direction of rotation P 10 i with 
a first angular velocity C0i 0 i while the receiving rotor 
115 and the band element 129 are rotated in a second 
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direction of rotation Pi 02 with a second and a third angu- 
lar velocity 0)102/ o) 10 3, respectively. 

Components, for example in pulverulent form, are 
supplied to the device via the supply openings 12 5, the 


alternately disposing layers of the different components 
on the circumferential surface 122 of the cylindrical 
part 117. As a result, a stratum of layer structure forms 
on said circumferential surface 122 . Thanks to the rela- ■ 

10 tive rotation between the cylindrical part 117 and the 
band element 129, the stratum will be scraped off from 
the circumferential surface 122 and conveyed to the area 
of the cylindrical part 117 with openings 119. During 
this conveyance, the layer structure of the stratum will 

15 be deformed or creased to obtain a homogeneous mixture 
of components. As the stratum reaches the openings 119, 
it will be thrown away tangentially forwards under the 
action of centrifugal forces. The stratum will then be 
collected by the housing 101 and conducted to the out- 

20 let 107, possibly while being continuously deformed or 
creased. 

It will be appreciated that the present invention 
is not restricted to the embodiments illustrated. 

For instance, the band element can be replaced by 

25 some other scraper element. The important thing is that 
the stratum formed on the circumferential surfaces is 
transferred to the housing and its outlet. 

The second means for discharging the joined compo- 
nents during simultaneous deformation of the layer struc- 

3 0 ture obtained in the joining operates by acting mechani- 
cally on said layer structure, said second means being 
described above with reference to the shown embodiments. 
The vane means 18 in Figs 1 and 2 and the band element 
12 9 in Figs 3 and 4 thus engage with the layer structure 

35 and advance the same during simultaneous creasing. How- 
ever, it will be appreciated that said advancing during 
simultaneous deformation can be carried out in other man- 


5 


blades 110 engaging with the pulverulent components and 
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ners. For instance, the second means can be arranged to 
conduct the joined components in a duct while flowing 
turbulently. Also in this case, the layer structure will 
be creased, thus obtaining a homogeneous mixture of com- 
5 ponents . • 

Moreover, it is possible to replace the layering 
rotor of the first means with nozzles, which are adapt- 
ed to dispose a layer of components each on the receiving 
rotor.. The nozzles, can either be . stationary or rotatable. 

10 It is also possible to turn the receiving rotor 

described with reference to Figs 1 and 2 in such manner 
that the wider end is directed upwards. The stratum 
applied to the receiving surface of the receiving rotor 
will in any case be conveyed to the wider end because of 

15 the centrifugal forces acting on the stratum. 

It will finally be appreciated that the number of 
blades of the layering rotor may vary. The number of 
layers of components that are disposed on the receiving 
means per revolution of the layering rotor is partly a 

20 function of the number of blades. Thus, the mixing inten- 
sity may be affected by varying the number of blades of 
the layering rotor. 

The embodiments illustrated can consequently be 
modified and changed without departing from the scope 

25 of the invention as defined only by the appended claims. 
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